Bioprocesses like germination and fermentation tends to improve the nutritional quality of cereal based foods. It has been demonstrated that the bioprocesses reduce the phytate contents and improves the bioavailability of minerals in cereals. The present study explains the effect of germination and fermentation on the mineral availability, phenolic and phytic acid contents of some of the Pakistani wheat cultivars. Three wheat cultivars (Fsd-08, Lasani-08 and Shafaq-06) were germinated, fermented or germinated plus fermented. Phytic acid contents were found to be maximum in control i.e without any treatment (1.27%, 1.44%, 1.47%) followed by germinated flour (1.10%, 1.24%, 1.28%) and minimum was found in germinated and fermented flour (1.02%, 1.04%, 1.02%). Similarly, polyphenol content decreased significantly due to processing techniques (Control: 0.74%, 0.67%, 0.64%; germinated flour: 070% 0.63%, 0.62%; germinated and fermented flour: 0.67%, 0.60%, 0.57%). Total and HCl extractable minerals (Ca, Mn, Zn, Cu, Fe, Na and K) improved as an effect of bioprocesses like germination and fermentation. There was a good relation observed between reduction in non-nutritional compounds and increase in mineral extractability by germination and fermentation treatments.
Introduction
Cereals are the main dietary sources of macronutrients (carbohydrate, protein), as well as micronutrients, such as iron, calcium and zinc in developing countries (Lestienne et al., 2005) . Wheat is the main cereal crop used for human consumption in many areas of the world. Common wheat (Triticum aestivum L.) is most widely used for bread preparation (Ficco et al., 2009) . The simple traditional household technologies have been used to process the cereals in order to improve the nutritional quality which includes germination and fermentation. The application of such technological processes provokes changes in physicochemical characteristics of the components. When grains are hydrated under ambient conditions, endogenous enzymes start to modify the grains constituents especially changes in soluble sugars and proteins takes place (Katina et al., 2007) . Wheat grains are traditionally processed by germination and fermentation prior to consumption. In cereals, the plant hormone gibberellins is an important regulator of germination and it stimulates the release of different ions and also enhances the synthesis and secretion of enzymes mostly alpha amylase in the aleuronic cells of the endosperm (Jacobson and Chandler, 1990) . Germination is a natural biological process in plants by which the seeds come out of latency stage. The environmental condition such as humidity, temperature and nutrients are needed for growth and development from seeds (Sangronis and Machado, 2007) . Fermentation is a metabolic process of some microorganisms to get energy through digestion of simple fermentable sugars, mostly glucose and fructose (Bloksma, 1993) . Fermented food is source of valuable proteins and fermentation causes degradation of grain components, especially starch and soluble sugars (Chavan and Kadam, 1989a,b) . Cereals and legumes are rich in minerals but the availability of these minerals is usually low due to the presence of non-nutritional compounds such as phytate and in water with seed to water ratio 1:5 (w/v) overnight. The grains were spread on trays lined with cloth and kept wet by frequent spraying of water (500mL) for 36 h. The germinated grains were dried in hot air oven at 50℃ for 24 h and ground to pass from 0.4 mm sieve according to method described by Eltayeb et al. (2007) .
Natural Fermentation The milled grains were mixed with distilled water (1:3w/v). The mixture was incubated at 37℃ and allowed to be fermented by traditional fermentation procedure due to natural micro flora like lactobacilli, enzymes and many other useful microorganisms. The fermented mixture was then dried at 60℃ for 12 h to obtain natural fermented flour and ground to pass from 0.4 mm screen according to method described by Eltayeb et al. (2007) .
Milling of grains The germinated grains and germinated plus fermented flour were milled through china grinder and sieved to obtain whole grain flour. Control (without any treatment) grains were also milled using the same procedure. The flours were was stored in air tight bags at 4℃ till further use.
Extraction of phenolics Extraction of phenolics was done by the method described by Iqbal et al. (2006) . Ten gram of each sample was taken in separate conical flasks and 200mL (80%) methanol was added and then mixture was placed in electrical shaker for 3 h. Samples were filtered and residues were treated with excess amount of 2 mol/L sodium hydroxide solution at room temperature to extract sterified and insoluble bound phenolic acids for 1 h followed by neutralization with 0.15 mol/L hydrochloric acid. The extracts were combined, filtered through 0.45 micrometer nylon membrane filter. Then the extract was then evaporated by rotary evaporator. After evaporation, the extracts were collected and stored for further analysis.
Polyphenols analysis Polyphenols analysis of all types of flour samples was carried out by using the method described by Muralidharan (1997) . Flour solution 1 mL was taken into a volumetric flask and then 4 mL of distilled water and 5 mL of tartarate solution (one gram of FeSO 4 and 5 g of KNaC 4 H 4 O 6 dissolve in 1000 mL distilled water) were added and it was diluted with 25 mL of the buffer solution of pH 7 (23.37 g of Na 2 HPO 4 in 1000 mL of distilled water and 9.078g of KH2PO4 in 1000 mL of distilled water in ratio of 85% and 15% v/v). Polyphenols were measured as % of gallic acid equivalents. The absorbance of mixture was measured by using a UV visible spectrophotometer at a wavelength of 540 nm and % polyphenols concentration was calculated according to the following formula.
Polyphenols % = 0.3914 EV0/V1/W E = Absorbance reading of spectrophotometer polyphenols (Valencia et al., 1999) . Higher HCl extractability may be partly ascribed to the decreased content of phytic acid, as there is significant negative co-relation between the phytic acid and HCL extractability of essential minerals (Rakhi and Khetarpaul, 1995) . It has been verified during the different food processes such as germination and fermentation that there is reduction of phytate contents in cereals as well as considerable increase in phytase activity (Sandberg and Svanberg, 1991; Centeno et al., 2001) . Phytic acid is a powerful chelating agent and it reduces the availability of divalent cations by the formation of insoluble complexes (Weaver and Kanna, 2002) . Minerals like calcium, magnesium, iron and zinc makes insoluble complexes with Phytic acid due to strong binding affinity (Hurrel, 2003 (Persson et al., 1998) (Vohra et al., 1965) . Even though phenolic and poly-phenolic compounds comprise an important class of secondary metabolites that act as free radical scavengers and inhibitors of LDL (low density lipoprotein), cholesterol oxidation but complex is formed with minerals which reduce the bioavailability of minerals (Shahidi, 2004) . Phytic acid also has positive role like the ability of metal chelating, antioxidant functions and also anti-apoptotic effects (Graf and Eaton, 1990; Bozsik et al., 2007) . In non germinated seeds, very little endogeneous activity is visible while during germination, phosphatase activities increases and phytate level decreases (Viveros et al., 2000; Lestienne et al., 2005) . The present study was designed to evaluate the effect of bioprocesses like germination and germination plus fermentation on the biochemical constituents. The chapattis (unleavened flat breads) also prepared from flours prepared after different treatments and sensory evaluation was performed to find out the acceptability of products. Sample preparation Wheat grains were cleaned manually to remove broken seeds, dust and other extraneous materials. After cleaning, each lot of food grains were divided into three parts for three treatments as control (without any treatment), germinated and germinated plus fermented.
Materials and Methods

Procurement of raw material
Germination The cleaned wheat grains were immersed by using the following expression. 
Preparation of unleavened flat bread (Chapattis)
The chapattis were prepared from whole wheat flour prepared from raw, germinated and germinated plus fermented materials according to the method described by Haridas et al. (1986) . The dough was prepared by mixing 200 g of flour with predetermined amount of water for 3 min in mixer. The dough was allowed to rest for 1 h at room temperature. A dough piece weighing 80 g was rounded and turned into chapatti by using specially designed platform. The rolled dough was then cut into a circle of 18 cm in diameter using a die with a sharp edge preparing chapattis of uniform thickness (3 mm). Chapattis were then baked on a thermo statistically control hot plate at a temperature of 210℃ for 1.5 min.
Sensory evaluation The product was presented to a panel of 12 trained judges and sensory evaluation was carried out for color, taste, aroma, fold ability and overall acceptability according to method described by Land and Shepherd (1998) . Nine point hedonic scale was used to evaluate the different sensory attributes. The description of sensory attributes used to train the judges is given in Appendix 1. A score of 3 was considered the borderline of acceptability.
Statistical analysis The data obtained from all experiments were subjected to analysis of variance (ANOVA) and the comparison of means was done by the Duncan multiple range test using the Statistic 8.1 program.
Results and Discussion
Effect of germination and fermentation on phytic acid and polyphenols Generally cereals are considered as the major source of dietary phytate. The majority of ingested phytate is not degraded during passage through gastrointestinal tract. One phytate molecule can bind up to six divalent cations and the metal could possibly bridge at least two phytate molecules depending on the redox state. Phytic acid is powerful inhibitor of iron driven hydroxyl radical formation because it forms catalytically inactive iron chelate (Reddy et al., 1989) .
Phytic acid in control flour was found to be 1.27%, 1.44%, 1.47% in Fsd-08, Lasani-08 and Shafaq-06, respectively. Phytic acid was decreased significantly (p < 0.05) in germinated samples i.e 1.10%, 1.24%, 1.28% in Fsd-08, Lasani-08 and Shafaq-06, respectively (Fig. 1) . Furthermore, phytic acid % in germinated plus fermented flour was found to be 1.02, 1.04, and 1.02 in Fsd-08, Lasani-08 and Shafaq-06 respectively. Our results are in the agreement with Gupta and Phytate contents Phytic acid was determined by the method described by Haug and Lantzsch (1983) . Samples (0.06 g) were extracted in 10 mL 0.2N HCl solution in test tubes by shaking for 30 min. Then 1 mL extract was taken in a test tube and 2 mL ferric solution (prepared by dissolving 2 g ammonium iron sulphate in 100 mL 0.2N HCl and volume was made up to 1000 mL with distilled water) was added into the test tube and covered with a stopper. The test tubes were fixed with clip and then heated in a water bath for 30 min. After that, the test tubes were cooled in ice water for 15 min and allowed to rest at room temperature. In the next step, 4 mL of 2, 2 bipyridine solution (prepared by dissolving 10 g 2, 2-bipyridine and10 mL thioglycolic acid in distilled water and volume was made to 1000 mL) was added to the test tubes and the contents were mixed. The absorbance was checked at 519 nm by spectrophotometer against deionized water after 30 − 60 s. Similar procedure was adopted for different reference phytate solutions. The stock solution of phytate was prepared by dissolving 0.15 g sodium phytate in 100mL distilled water. Reference solutions were prepared by taking 1.2, 2.7, 4.2, 5.7, 7.2, 8.7, 10.2 or 11.7 mL stock solution in 100 mL volumetric flask and volume was made with 0.2N HCl.
Mineral profile Minerals were determined in the samples by the dry-ashing method described by Chapman and Pratt (1982) . The amounts of iron, zinc, manganese, and copper were determined using atomic absorption spectrophotometer (Varian AA 240, Victoria, Australia). Calcium was determined by titration method described by Chapman and Pratt (1982) . Potassium was determined by flame photometer (CORNIG EEL), according to AOAC (1984) . The filtered sample solutions were loaded to the atomic absorption spectrophotometer (Varian AA 240, Victoria, Australia). The mineral contents of the samples were estimated by using the respective standard prepared for respective element (AACC, 2000) .
Minerals extractability HCl-extractability of minerals (as an index of mineral bioavailability) was estimated according to the method described by Duhan et al. (2002) . The minerals in the samples were extracted with 0.03N HCl by shaking the contents at 37℃ for 3 h. The solution was then filtered through Whatman No. 42 filter paper. The clear extract obtained after filtration was oven-dried at 100℃ and HCl-extractable minerals in the digested samples were determined by the methods described for the estimation of minerals above. Mineral extractability (%) was determined and Chauhan, 1990). The reduction in phytic acid during fermentation could be attributed to the action of the enzyme phytase released by microorganisms during fermentation. The highest polyphenol contents were found to be in control flour i.e 0.74%, 0.67%, 0.64% in Fsd-08, Lasani-08 and Shafaq-06 and germination reduced significantly (p < 0.05) the phenolic contents in Fsd-08 (0.70%), Lasani-08 (0.63%) and Shafaq-06 (0.62%). Polyphenols are considered to make complexes with minerals and reduce their availability to humans. By applying germination and fermentation techniques Sehgal (1991) who observed decrease in phytic acid content of cereals as a result of germination and fermentation. Badau et al. (2005) reported that germination of pearl millet significantly (P < 0.05) reduced the phytic acid contents. Reduction in level of phytic acid during germination could be attributed to leaching out during hydration as well as activation of phytase during germination (Michael and Wiebs, 1983) . Fermentation of processed grains caused an additional reduction in phytic acid contents. Our results are similar to those observed during fermentation of pearl millet (Khetarpaul The highest manganese content (4.28 mg/100 g) was found in germinated and fermented flour followed by germinated (3.92 mg/100 g) flour and minimum manganese content (3.23 mg/100 g) was found in control flour of the Fsd-08 cultivar. As far as cultivars concerned highest total manganese (4.76 mg/100 g) was found in Shafaq-06 followed by (4.49 mg/100 g) Lasani-08 and followed by (4.28 mg/100 g) was found in Faisalabad-08. The highest mineral contents were found in the germinated plus fermented samples among all the three cultivars. Among the cultivars, highest Zn contents were found in the Lasani-08 (5.21 mg/100 g) followed by the Shafaq-06 (4.97 mg/100 g) and fsd-08 (4.42 mg/ 100 g). Highest total potassium (357.02 mg/100 g) was found in Shafaq-06 followed by (346.40 mg/100 g) in Lasani-08 and minimum potassium content (341.71 mg/100 g) was found in Fsd-08 among the three cultivars.
The extractability of minerals was done in 0.03 N HCl; the concentration of acid found in the human stomach, which is the index of their in vitro bioavailability from foods. Raw and processed wheat flour were analyzed to determine the influence of processing on HCl extractability of minerals. Table  2 showed the effect of processing on extractability of minerals. Extractable Ca for all cultivars significantly (p < 0.05) during current studies it was observed that phenols were reduced significantly (p < 0.05) to 0.67%, 0.60%, and 0.57% in Fsd-08, Lasani-08 and Shafaq-06 respectively as shown in Fig. 2 . The processing techniques caused significant decrease in phenolic contents. Our results agreed with those reported by Borade et al. (1984) . Reduction in polyphenols may be attributed to the presence of phenolic oxidase during germination (Kataria et al., 1989) . Bravo (1998) reported that fermentation of soaked grains significantly (P < 0.05) reduced polyphenolic contents.
Effect of germination and fermentation on total and HCl extractability of minerals Minerals have multiple and complex interactions within the food matrix. Processing usually exerts a positive impact through separation or partitioning of minerals, or through the destruction of inhibitors.
The highest calcium content (55.61 mg/100 g) was found in germinated plus fermented flour followed by germinated flour (52.50 mg/100 g) and minimum calcium content (50.29 mg/100 g) was found in control flour of Fsd-08 cultivar. Highest total calcium contents (55.66 mg/100 g) were found in Fsd-08 followed by Lasani-08 (54.43 mg/100 g) and minimum calcium contents (53.77 mg/100 g) were found in Shafaq-06 among the three cultivars as depicted in the Table 1. HCl Extractability and Phenolic Contents of Spring Wheats Table 1 . Effect of germination and fermentation on total mineral contents (mg/100 g on dry basis) in wheat cultivars. taste and aroma of chapattis prepared from different wheat flours. Chapattis from germinated flour got significantly (p < 0.05) higher score for taste (7.44) followed by control (7.27) and chapattis prepared from germinated plus fermented flour got significantly (p < 0.05) minimum (6.09) score for taste in the Fsd-08 cultivar. Also the same pattern exists in the remaining two cultivars. Our results are close to the observations of Khetarpaul and Chauhan (1990) who prepared chapattis from fermented pearl millet flour and were organoleptically acceptable. In case of color of chapattis, control flour chapattis got highest score (7.73) followed by germinated flour chapattis (7.53) Foldability and overall acceptability scores of control flour chapattis were significantly (p < 0.05) higher. It was found that chapattis prepared from germinated wheat flour showed lower scores of sensory attributes as compared to control and germinated plus fermented flour chapattis. In all three cultivars, Shafaq-06 showed better tendency towards the bioprocessing treatments as compared to Fsd-08 and Lasani-08.
Conclusion
The bio-processing of different wheat varieties (Shafaq-06, Faisalabad-08 and Lasani-08) like fermentation and germination significantly improved the nutritional and sensory properties of wheat flours. The outcome of present study reflects that germinated and fermented wheat flour ranked highest with regard to improvement in mineral extractability and decreasing non-nutritional compounds such as phytic acid and polyphenols. The HCl extractability of mineral (an index of mineral bioavailability) of wheat flours increased through fermentation and germination. Sensory properties of chapattis prepared from germinated and fermented wheat flour showed acceptable organoleptic characteristics. It is suggested that other underutilized cereal crops should also be explored for their nutritional improvement using natural bioprocess.
increased with germination plus fermentation with maximum extractable value (43.33 mg/100 g) was recorded for Fsd-08 which represent 80% of the total Ca of variety. Extractability iron was significantly increased (p < 0.05) with germination plus fermentation with maximum extractable value (5.99 mg/100 g) were observed for Shafaq-06 which represent 96% of the total iron of the variety. Extractable Mn, Zn, Cu and K, Na followed same trend as Ca and Fe. Higher HCl extractability of minerals may be partly ascribed to decreased content of phytic acid beacuse a significant negative correlation between the phytic acid and HCl extractability of dietary essential minerals was observed. The higher HCl extractability of calcium from the fermented cereal-legume blend increased as a result of processing (Sharma and Khetarpaul, 1994) . The decrease in phytic acid content may indicate that the divalent cations are freed from the phytate mineral complex and increase the extractability of minerals. Our results are in accordance with those of fermented pearl millet and buttermilk mixture (Dhanker, 1985) . Breakdown of these phytate forms into lower phosphates have been found to reduce capability of binding divalent metal ions (Lonnerdal, 2000) . Similarly, on germination, phytase activates cause the degradation of phytic acid (Shrivastava, 1994) . It reduces the phytic acid and polyphenol contents of the grains to a significant degree (Abdelrahaman et al., 2007) . Thus phytase production during fermentation and germination plays its role in the improvement of HCl extractability of minerals. Thus, phytase production during fermentation and germination plays its role in the improvement of HCl extractability of minerals especially Cu, Fe and Ca.
Sensory evaluation of chapattis The sensory evaluation of chapattis for various sensory attributes such as color, taste, aroma, foldability and overall acceptability was carried out by a panel of 12 judges as depicted in Table 3 . The results further revealed that cultivars showed significant effect on F.m. anJum et al. Values are the means in a column not sharing a common superscript letter are significantly (p < 0.05) different.
